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INTRODUCTION AND OBJECTIVE 
The advent of modern machinery, specialisation in 
the different types of agriculture, and an increased emphasis 
on organic matter by modern farming methods has led to a 
scarcity of manure and organic materials for incorporation 
into the soil. This is especially true of turf areas such 
as parks, cemeteries, and golf courses which are often some 
distance from sources of manure and other organic materials* 
Turf specialists are presently searching for an organlo 
material which will decompose and not leave the grass plants 
"root bound", but still produce the desired benefloial 
effects which are characteristic of organlo matter* 
The brewery Industry uses vast quantities of hops 
in the processing of its beverages. The spent hops are 
waste products after processing and create problems of 
disposal. It is known that these hops contain a certain 
amount of plant nutrients. 
The possibility of using spent hops as a source 
of organlo matter has been presented. If it can be shown 
that spent hops have a beneficial effect upon the soil, a 
supplementary source of organic material will be provided 
and at the same time, a problem of disposal will be solved 
for the brewery industry. 
•*2** 
The objectives of this thesis ares (a) to make a 
•if ' r l ! 
general survey of the effects of spent hops upon the soil 
and to compare these effects to those of other types of 
< *j . ; f .» >' • i • . t » ' * * }1 ;1 r f ■ T * ’ 4 ‘ ; ' ' • ' ’ i 
organio materials, (b) to find out if spent hops may be 
♦♦if ' } * * » * 
adapted for use as a source of organio matter in the 
construction of turf areas, and (o) to obtain some 
indications of the possibilities and problems which the 
use of spent hops presents* 
REVIEW OF LITERATURE 
% 
Organic matter is defined by Norman and Moody (24)1 
as the decomposed or decomposing residues of plant materials, 
together with some miorobially synthesized products, 
primarily cell tissues or cell residues, as the contribution 
of the biological agents of decomposition. The term humus 
is often used In referring to soil organic matter and is 
defined by Wakeman (44) as the residue of the decomposed or 
slowly decomposing constituents of plant material; the formation 
of humus is accompanied by an increase of carbon content, a 
greater inorease of nitrogen content, a narrowing of the C-N 
ratio, and an increasing resistance to decomposition. 
Much has been written concerning the effects of 
organic matter on soils, A large portion of the material 
appears contradictory because the effects differ with the 
type of organic matter and local conditions. 
For this study we are interested in the effects 
*' 
of organic matter as applied to turf areas. In order to 
appreciate the significance of these effects this review of 
literature is divided into two broad headings, the effects 
of organic matter on soils in general and the effects which 
are of specific interest to turf areas. 
1, Figures in parenthesis refer to literature cited. 
Effects of Organic Hatter on Soils In General 
Combination of organlo and soil colloids 
The evidence at present concerning the combination 
of organic and soil colloids indicates that there may be both 
a physical and a chemical union of the two systems, but it is 
not known exactly how these combinations take place. Meyers 
(20) studied the migration velocities of colloids and his 
evidence indicates that the two materials move as a unit 
thus suggesting a chemical union between the fractions* 
Wiklander (47) in a discussion of soil colloids states that 
the gels and humus are in chemical and physical union with 
each other and with the silioate skeleton to form the surface 
complex whioh is the active part of clay particles* 
Composition of organic matter 
The chemical studies of soil organio matter have 
been largely concerned with attempts to characterize and 
identify the chemical compounds whioh are peculiar to the 
organio matter fraction. There is a general opinion that 
lignin or lignin derived material contributes substantially 
to the organio fraction of soils. Pifferences in various 
t 
types of organic matter have frequently been noticed and 
Norman and Moody (24) traoe these differences to the lignin 
content. They also found that the lignin varied not only with 
-5 
the source, but also within the plant. 
Recent work has pointed to the existence of uronio 
carbon in organic matter. Waksman and Reuszer (45) have 
. < V i ■ ■ . ' 
found that the hemioelluloses contain mixtures of sugars 
and uronio acids, that the decomposition of hemlcellulose 
is slower than that of cellulose and with the decomposition 
there is a decrease of pentosans and a relative increase of 
uronio acid complexes. Sphagnum moss which has a slow rate 
of decomposition had more uronio acid than oak leaves or 
rye straw. Norman and Bartholomew (23) examined soil for 
constituents and groupings known to be present in extensively 
decomposed plant material and subjected soil organic matter 
to reactions characteristic of these constituents. They 
found that 10-15# of organic carbon of surface soil is 
present as uronio carbon with the proportion increasing with 
depth. They believed that the apparent resistance and 
consequent accumulation of uronio carbon may be due to a 
stabilization by association with other components since 
pure polyuronide gums readily supported the growth of many 
soil organisms and since pure polyuronides form insoluble 
salts with divalent cations. Norman (22) believes the view 
that uronic groups are present in undecomposed plant 
• > • , J ; *■ * *v • : 
fragments is highly improbable slnoe this group is readily 
available, and it, therefore, must be recognized that uronio 
i 
acid groups must be considered to be of microbial origin. 
-6 
A third important and much discussed fraction of 
soil organic matter is nitrogen. Probably more work 
concerning this organic nitrogen has been related to the 
Q»N ratio than any other phase. As soil organic matter 
decomposes there is a narrowing of the C-N ratio and it 
tends to approach 10s1. It is not definitely known how 
this stabilized nitrogen ocoursf but according to Norman 
(22) it is probably mostly of microbial origin, with 
indications that it is at least partly proteinaoeious as 
amides and amino groups. It is believed that the nitrogen 
is stabilized either by lignin (theory of Waksman) or by 
the clay mineral. 
Ohemloal effect, of organic matter 
One of the major effects of organic matter upon 
the soil is an increased base exchange capacity. One of 
the desires of agriculture is to obtain an organic soil 
with a high base exchange capacity. Prinoe and Toth (32), 
in making eleotrodialysis studies, found that the quantity 
of bases eleotrodialyzed was a function of the cation 
exchange capacity and the degree of base saturation, that 
the total dialyzable acids and bases was greater on manured 
plots, that the addition of organlo matter Increased the 
aoidoid-baseoid ratio, and increased the cation exchange 
capacity. They further found that the degree of decomposition 
7 
of organic matter Influenced these colloidal properties 
while undecomposed rye straw showed only slight effects. 
Base exohange capacity has been correlated to 
lignin content by Smith, Brown, and Millar (36) who found 
that as materials decomposed they increased in base 
exchange capacity, and by Norman (22) who found that 
lignin from decayed residues has a greater exohange 
capacity than native lignin. Olson and Bray (27) found 
V ’ f 
that the portion of organic matter which is most easily 
oxidized by dilute H2O2 has less base exohange capacity 
than that which is oxidized with more concentrated H202« 
Meyers (20) studied physicochemical reactions between 
organic and inorganic colloids and found that mixing pur© 
organic colloids with inorganic colloids gave a decrease 
of exohange capacity compared to the sum of the exchange 
capacities for the two systems with a greater deviation 
ooourlng when relatively larger amounts of organic matter 
was used. He believed this to be due to a polarization of 
the organic colloid by the electrical properties of soil 
colloids. The electronegative soil particles attract the 
positive end of the polar compound which results in a close 
paofcing of the organic colloids to cause a reduction of the 
exohange oapaoity because of sterlo hlnderanee. 
A second major effect of organic matter upon the 
soil is the availability of nutrients. Organic matter contains 
a considerable portion of nutrients; the amount was 
dependent upon the type of organic matter being used* 
Some of these nutrients are water soluble while others are 
liberated as decomposition proceeds* In addition to the 
direct liberation of nutrients from the organic matter, 
there is a liberation of nutrients from the soil minerals. 
The organic matter stimulates the microorganisms, C02 Is 
liberated and a dissolving action by H200^ occurs. 
According to Stephenson (40) this effect is greatest in 
neutral and alkaline soils. He states that the nitrogen 
acids formed from organic matter is more pronounced in 
attacking soil minerals in an acid anil than H200^, even 
though H2G0^ is produced more abundantly. Vigorous 
nitrification may even result in some leaching of nutrients. 
His statements are based upon the fact that the concentration 
of cation solutes tends to follow the abundance of nitrates 
in the soil, and that the greatest quantity of water soluble 
nutrients is found where organic matter is most abundant. 
A great deal of study has been made concerning the 
availability of nitrogen in relation to the C-N ratio. It 
Is well known that when large amounts of organic matter with 
a high C«*N ratio is present in the soil, the microorganisms 
will feed upon it and appropriate the nitrogen it contains 
to limit or prevent nitrate accumulation and even taking 
the nitrogen from the soil substrate. As the decomposition 
9 
continues, the C-N ratio narrows and nitrates accumulate, 
Hubins and Bear (33) state that for easily decomposable 
sources of oarbon, nitrate accumulation is inversely 
proportional to the ratio, They found exceptions to 
the rule since some types of carbon are resistant to 
decomposition and depress nitrification, Waksman (44) 
makes the statement that the C-N ratio in plant material 
is no index of the rate at which it will decompose or the 
contribution it will make to the soil organic matter, but 
an index of the availability of its nitrogen. If the G-N 
ratio is less than 30:1, ammonia is liberated. 
Other studies have recently been made upon the 
availability of nutrients other than nitrogen due to organic 
matter, Y/aksman (44) says that in the early stages of 
decomposition microorganisms synthesize organic phosphorus 
compounds at the expense of inorganic phosphates and that 
the concentration of organic phosphates tends to increase, 
while as the decomposition proceeds organic phosphorus is 
mineralized. The data of Swenson, Cole, and Sieling (40) 
indloate that the organic acids, especially citric acid, 
which may be liberated from organic matter are capable of 
releasing fixed phosphorus by a replacement reaction. Berger 
and Truog (3) have found a positive correlation between 
available boron and percentage of organic matter in acid 
virgin and cultivated soils. 
Aeration and atruoture 
Thera aeema to he no sharp line of demarkatlon 
1 ' \ ' ' 
between the chemical and physical influences of organic 
matter. Aeration is needed for chemical and biological 
activities whioh affect the nitrification and oxidation 
processes. The increased biological activities result in 
improved structure, aggregation, aeration, and infiltration 
rate. With turf, organic matter is considered to be 
primarily a soil amendment because of its affect upon the 
structure and air-moisture relationships in the soil. 
Organic matter serves as a binding agent for soil 
particles. McCalla (19) found that the maintenance of 
stability of structure does not seem to be entirely a problem 
of quantity of organic matter, but that quality and state of 
decomposition may be more important. The presence of 
organic matter does not increase stability unless it is in 
a decomposing state. Of the organic compounds tested for 
their effect upon soil stability, the lignins, oils, fats, 
waxes, rosins, paraffins, and colloidal proteins were most 
effective* Since approximately 3A of organic matter is 
lignin or protein, MoCalla came to the conclusion that these 
were largely responsible for the stabilizing effect of 
organic matter, Martin and Waksm&n (17) found that the 
extent of aggregation was dependent upon the amount of 
readily decomposable substances. They came to the conclusions 
-11 
that some aggregation In the early stages of decomposition 
may he due to a sticking and binding of soil par tides by 
fungus and aotinomycetes filaments and by the slime and 
gums produced by bacteria, and that there were physical 
and chemical interaction between inorganic soil particles 
and the synthesised and decomposition products resulting 
from biological activity, Peele and Beale (29) found that 
the rate of aggregate formation was highest at the time of 
greatest decomposition while Martin and Anderson (l6) found 
best aggregation occurs at the later stages of decomposition 
and associated this aggregation with various molds, J. P* 
Martin (15) worked with aggregation due to oomposted 
materials and found that the aggregating influence decreased 
with the length of time that the materials were composted. 
Prom this, he concluded that for aggregation purposes, it 
was best to compost the materials in the soil rather than 
in the pile. 
The work of Weldon and Hide (46) revealed that 
the carbon and nitrogen content was distinctly higher in the 
well aggregated fractions, that the percentage of carbon and 
nitrogen decreased with particle else, and that poorly 
aggregated fractions tend to have a relatively high portion 
of nitrogen in the amide form. Browning and Milan (6) found 
that the materials such as peat moss which are resistant to 
decomposition produce fewer larger sized aggregates but that 
12 
they are effective over longer periods of time, whereas, 
the rapidly decomposing materials produce a rapid aggregation, 
Meyers (20), who worked with organic and inorganic colloids, 
used increased coagulation and viscosity as an indication of 
aggregation in soils. He found that there were differences 
in viscosities due to the type of inorganic oolloids used, 
that some cations caused a protective action and prohibited 
floeulation. NH^ and Na* have a dispersing effect. In 
view of these findings, he concluded that the extent of 
protective action depends upon the amount of organic matter, 
the nature of the cations combined with the organic matter, 
and the type of mineral colloid used. He also found that 
stable aggregate formation did not take place in an absence 
of dehydration and that the favorable effect of organic 
matter on stable aggregate formation was probably associated 
with the low degree of dispersion of organic matter after 
dehydration. 
Peroolatlon rate and run-off 
Percolation rate of water into the soil is known 
to be increased by the addition of organic matter. MoCalla 
(18) has shown that water soluble substanoes by themselves 
did not increase the percolation rate, that coarse water 
insoluble materials increased the percolation rate to an 
exceedingly high level by holding up the soil particles so 
-13- 
that water oould run between them, whereas, finely divided 
water insoluble material did not increase the percolation 
rate. Both the coarse and fine materials gave an increased' 
percolation rate after the decay processes were well 
underway. Alderfer and Merkle (l) conducted an experiment 
to determine the relative effectiveness of incorporation 
and surface application of organio matter and found that 
mulching effected an infiltration capacity equal to three 
inches per hour, but that incorporation of mulching 
materials did not increase the infiltration rate after 
the soil was wetted to field capacity. This agrees with 
the findings of Dawson (8) which were that applications of 
wheat straws and legume residues as a mulch had a 
signifioantly lower surface run-off than when disked. 
Moisture relatlonahlpa 
Any review of literature concerning moisture 
relationships is complicated by a lack of standardization 
of terms and by different formula and experimental methods 
for obtaining the single value moisture constants. The 
discrepancies are especially noticeable as the age of the 
literature increases. 
In spite of these discrepancies, however, there 
seems to be little doubt that organio matter in most oases 
will improve the moisture relationship of soil. Isgur (12) 
-14- 
has pointed out that the water holding capacity of peats 
and other organio materials is of little value unless 
something is known of the wilting coefficient. Bouyouoos 
(4) determined the available moisture from the moisture 
equivalent and the wilting point on sandy loam, silt loam, 
clay loam, and clay after adding varying amounts of organio 
0 
matter in the form of muck, uncultivated peat, and manure, 
fils results showed that there was an increase of the 
moisture equivalent, an increase of the wilting point, and 
an increase of available water by the addition of organio 
matter, with the increase of available water being more marked 
in the light textured soils than in the clays. Goile (7) 
made relatively the same findings as Bouyouoos, but he also 
stated that the wilting percentages of heavy textured soils 
were little affected by organio matter. Stone and Garrison 
(41) analyzed soil under sod along fence lines and in 
adjoining cultivated fields to obtain data showing that the 
soil under sod, with a few exceptions, had higher content 
of organic matter, higher moisture equivalent, higher 
hygroscopic coefficient, and higher amounts of available 
water. In one case, however, a soil which was higher in 
organic matter had less available water. Free, Lamb, and 
Carleton (ll) found that the moisture content at whloh 
maximum compaction oocura was increased by the addition of 
organio matter. Alderfer and Merkle (l) in their studies of 
15 
mulches found that the moisture eontent of soil during 
dry periods was greater under raulohes than with incorporation, 
Sprague and Marrero (33) studied the effects of various 
sources of organic matter under turf and obtained results 
indicating that peat moss produced an increase of available 
moisture which was greater than that for cultivated peat, 
raw peat, spent mushroom soil, or well rotted manure. Their 
data does not present a complete picture, however, since 
they attained the amount of available water by subtracting 
the wilting coefficient from the maximum water holding 
capacity. Their results and observations did not coincide 
with the observed laboratory values for available water. 
A more correct pioture ml^at have been attained by 
subtracting the wilting coefficient from the field capacity 
as recommended by Olmstead and Smith (26). 
Decomposition of organic matter 
Considerable work has been done with the rates of 
decomposition of various types of organic matter. The rates 
of decomposition have often been associated with G-N ratios. 
Spaulding and Eisenmenger (37) have found, that as the 
proportion of carbon and pentosans decreases, the rate of 
decomposition Increases. They state that there is not a 
strict correlation between rate of decomposition and total 
nitrogen or C~N ratio, yet on a whole, plants containing more 
nitrogen decompose more readily, Waksman (44) haa stated 
that the changes effected in plant residues is dependent 
upon the chemical composition of the plant, the specific soil 
environment, the extent to which it is already decomposed, 
and the nature of the organisms, Dyal, Smith, and Allison 
i 
(10) have shown that plant materials are decomposed more 
rapidly at a pH of 5.94 to 7*05, than at 3,?1 to 4.59. They 
state that increases of pH in soils of low pH may be 
partially due to the liberation of ammonia. 
..Qf. 
There are some indications that organic matter may 
cause a direct affect upon the plant by supplying such 
substances as hormones, ttaksman (44) states that organic 
matter may possibly be a source of organic materials or 
nutrients and growth promoting substances such as auximones, 
vitamins, hormones, growth catalysts, and phytamins which 
have a direct effect upon plant development. Piland and 
VJillis (30) have conducted an experiment which demonstrated 
that the decomposition products of filter paper stimulated 
plant growth. The phenomena was associated with an 
oxidation-reduotion equilibrium. 
17- 
The Effeota of Org-anlo Matter 
mok.Are,-.^f-.SP.O.olf1& Interest to Turf. 
, on^raoterlaM..JM mil 
Sprague and Marrero (33) conducted experiment a to 
determine the relative value of several types of organic 
matter in modifying the soil for the growth of bent grass. 
Their data indicated that cultivated New Jersey Peat and 
spent mushroom soil are the most satisfactory materials to 
use with a sandy soil. Peat moss mixtures were found to b© 
undesirable because of the slowness with which the dry 
material absorbed water. They found that cultivated New 
Jersey peat and raw Michigan peat were most effective on a 
loam soil, while peat moss was effective only at a light 
rate of incorporation. Fibrous materials such as manure and 
raw Michigan peat were found to be more suitable than non** 
fibrous cultivated peat and spent mushroom soil when added 
to a clay loam soil. They further found (39) that the 
ability of the peaty materials to absorb moisture was 
decreased as a result of drying. Cultivated peat was found 
to be more persistent than other types of organic matter. 
DeFranc© (9) studied turf from different grasses 
and grass mixtures and the effect of incorporated peat. He 
18 
found that the peat plots had the most satisfactory turf 
due to the intermingling and close association of Kentucky 
bluegrass, colonial bent, and fescue. 
Longly (13) studied the effects of peat 
incorporated into lawn soil and found that applications of 
peat depresses the germination of grass seed unless the peat 
was well moistened before application, but later resulted in 
a more luxuriant growth during the second and third seasons* 
He found that a four inch application of peat resulted in a 
spongy turf while a two inch application was satisfactory. 
wt.th .gpefll?,, fopjm 
Very little actual experimental work with spent 
hops has been done. Anheuser (2) used spent hops as a 
fertilizer and an amendment for heavy soils. The hops were 
found to be useful in making heavy soils friable and mellow. 
Good results were obtained by using spent hops as a top 
dressing for greens and fairways. The spent hops were 
reported to contain a trace of K2O, 0,34$ 5*55$ N. 
The pH was found to be 4.7. 
Monteith (21) of the U, S. Golf Association Green 
Section made a report of a visit to a golf club in which he 
compared a private lawn on whioh spent hops had been used, 
with the fairways of the golf course upon which spent hops 
19- 
had not been used. He found the lawn to be an excellent 
bluegrass turf, but stated that the better lawn turf may 
have been due to a combination of other factors. He stated 
that If the lawn were subjected to the same conditions as 
the fairway, the lawn would soon resemble the turf of the 
fairway, 
It may be seen that the past scientific work with 
the use of spent hops is meager and leaves much to be 
desired, 
% 
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EXPERIMENTAL 
f AIS t - . •1 '• , •’ "► ' P <f v r ,i ? : i / ‘'•ii •* 
Aaal^5i8,of Materials * 
IIPM of orgaSAS,terta 
The types of organic materials used in these 
investigations consisted of cultivated peat, peat moss, and 
various kinds of spent hops. To simplify the nomenclature 
and to avoid confusion, the different kinds of spent hops 
were given an alphabetical designation as follows: 
Nomenclature used by the P. Ballantlne 
& Sons of Newark, New Jersey2 
Spent hops from the brew keetles 
Spent hops from the brew kettles 
which have been dried and ground. 
Spent hops from the dry hopping 
process which have not been dried 
and are in a moist state. 
Spent hops from the dry hopping 
process which have been partially 
dried. 
The cultivated peat was a New Jersey peat which 
had been under cultivation. The material appeared to be well 
deoomoosed, was damp, and fine with some lumps present 
which pulverized fairly easily. 






2, All of the spent hops used in this research were 
furnished by P. Ballantlne and Sons of Newark, New Jersey. 
21 
The peat moss was a sphagnum peat moss* brown in 
color and very fibrous. The material was damp and had some 
twigs and pieces of wood mixed in with the mos9. 
The material designated as hops A was a leafy 
material, light yellow in color, and fairly fluffy. A large 
volume of this material was very light in weight. The 
material was lacking in odors which are commonly associated 
with the brewing Industry. 
The material designated as hops B was much the same 
as hops A, except that it had been ground and was of a mealy 
texture. 
The material designated as hops 0 was very moist, 
somewhat lumpy, and a little more fibrous than either hops A 
or hops B, The material had a strong odor similar to that 
of malt or vinegar. 
The material designated as hops D was similar to 
that of hops C except that it was not as moist and lacked 
the odor of hops 0. 
Normal per cent of moisture 
The organic materials were sampled and the amount 
of moisture present at the time they were received was 
determined. This and all subsequent analyses were made in 
triplicate and the percentages are on a dry weight basis. 
22- 
The results of the moisture determinations ere shown in 
table 1, together with the pounds of dry matter per ton of 
original material. It will be noticed that the moisture 
content of the spent hops varied with the type of hops and 
the shipment received. The first shipment was more moist, 
whereas the latter shipments of hops had most of the moisture 
removed. Both the cultivated peat and the peat moss contained 
a considerable amount of moisture. 
Data on the pounds of dry matter per ton of 
original material is given since it is considered that this 
should be a factor of interest to the buyer of these organic 
materials. 
Moisture relationships 
The organic materials were sampled and the water 
holding capacity, Moisture equivalent, wilting coefficient, 
and available moisture was determined for each type of 
organic material. The water holding capacity was obtained 
by the Hllgard method. The moisture equivalent was obtained 
by the Goldbeek-Jackson centrifuge method (5) using gooch 
crucibles and an International size 2 centrifuge. The 
wilting coefficient was estimated by dividing the moisture 
equivalent by the Briggs and Shantz factor of 1.84, Although 
the use of this faotor is open to criticism (31) it was used 
TABLS 1 
Talmlation of the Normal Percentage* of Moisture Found in Organic 
Materials and the Mount of Actual Dry Matter Per Ton of 
Original Material* 
Organic Material Moisture Percentage (Dry Basis) 
Pounds of Dry Matter 




136.9 844 Hops A 
Hops D 275.9 532 
Shipment #2 
22.4 Hops A 1.634 
Hops D 14.8 1J42 
Shipment #3 
6.55 Hops A 1.877 
Hops B g.27 1.847 
Hops 0 309.0 489 
Cultivated Peat 253.6 566 
Peat Moss 129.1 873 
since only an estimate? was desired and any other method 
ouXd be both time consuming and difficult to use on 
samples of organic matter alone. The available moisture 
was estimated by subtracting the wilting coefficient from 
the moisture equivalent. The results of these moisture 
relationship studies are given in table 2, 
It will be noticed that all of the organic 
materials have high water holding capacities and moisture 
equivalents. The water holding capacities were in the order 
peat aoss> hope A^> hop* C^> hope cultivated peat, 
while the moisture equivalents and available moisture values 
were in the order hops 0^> peat aoss^> hope A hope 
cultivated peat, 
Chemical characteristics 
The organic materials were analyzed for acidity, 
per cent ash, per cent carbon, per cent organic matter, per 
cent total nitrogen, and the carbon~nitrogen ratio, Xn order 
to facilitate analysis, the organic materials w^re prepared 
by drying. After drying, the peat moss and various types of 
hops were ground in a iley mill and the cultivated peat was 
crushed by rolling. The acidity of the materials was 
determined by the use of a glass electrode potentiometer on 
samples which were not dried or ground. The remainder of the 
determinations were made on the prepared samples# Per cent ash 
-25- 
TJMLB 2 
Moisture Relationships of Organic Materials 
Used In Greenhouse Experiments. 








Hops A 1304 162 88.0 74.0 
Hops B 665 142 77,2 64.8 
Hops 0 96a 257 139.7 117.3 
Cultivated Peat 366 123 66.8 36.2 
Peat Moss 1513 213 115.6 97.2 
♦Remarks 1) Values for the wilting coefficient were estimated by the 
use of Briggs and Shant* formula. 
2) The available moisture was obtained by subtracting the 
wilting coefficient from the moisture equivalent. 
-2 6- 
waa determined by combustion. Per cent carbon and per oent 
organic matter was determined by the chromic acid-titration 
method (28). Per cent total nitrogen was determined by the 
dunning method modified to include nitrogen of nitrates (25). 
The results of these analyses are given in table 
The data in table 3 shows that all of the organic 
materials are on the acid side of neutrality, peat moss and 
hops 0 w^re most acid, while cultivated peat was least acid. 
The fact that cultivated peat was least acid v/as to be 
expected since it had been under cultivation. Cultivated 
peat also had the hi^iest ash content. Peat moss was much 
lower in per oent ash than the other materials and may be 
expected to contain less minerals. Peat moss was highest 
in per oent carbon and lowest in per cent nitrogen, it has 
a carbon-nitrogen ratio of 69* Cultivated peat had legs 
carbon and also less nitrogen than hops, although the nitrogen 
contents were not widely different. The carbon-nitrogen 
ratios of both hops and cultivated peat were about the same, 
but it should be realized that the cultivated peat was known 
to be fairly well decomposed while the spent hops were 
undeoomposed. Sprague and Marrero (39) have shown that 
cultivated peat is fairly persistent in the soil, since 
Spaulding and Eisenmenger (37) found that plant tissues with 
a oarbon-nltrogen ratio of 25-30 was readily decomposed to 
yield up Its nitrogen, it is expected that the same is true 
TABLE 3 
Chemical Character!sties of Organic Materials 
Used in Greenhouse Experiments. 
Organic Material pH f Ash *0 $ Organic Matter 
$ Total 
N 0/H 
Hops A 4.7 7.32 47.5 81.9 3*5 13.6 
Hops £ 5*0 7,09 49.9 86.0 4,4 11.3 
A 
Hops C 4.2 6.75 49.8 85.9 4.7 10.6 
Cultivated Peat 5.6 9,15 34.3 59.1 3,1 11.1 
t • 
Peat Moss 4.2 1.13 55.2 95.2 o.g a 69.0 
t 
of spent hops. Peat moss had a high carbon-nitrogen ratio 
and it probably must obtain nitrogen from an outaide source 
before decomposition materially takes place. 
Nutrient elements 
The organic materials were analyzed for nitrogen, 
phosphorus, potash, and calcium. Total nitrogen was 
determined by the Gunning method (25), The water insoluble 
nitrogen and the Insoluble nitrogen which was active in 
neutral permanganate were found by methods prescribed in 
A.O.A.C. (25). Phosphorus was determined colorimetrically 
by the Sherman method (34). Potash and calcium were determined 
by a flame photometer using lithium as an Internal standard 
(43). The results of the analyses for nutrient elements 
present in the organic materials are shown in table 4. 
Spent hops were found to be higher in nitrogen than 
cultivated peat or peat moss. The amounts of water Insoluble 
nitrogen of spent hops and cultivated peat are in approximately 
the same range, but most of the nitrogen present In cultivated 
peat was found to be inactive in neutral permanganate. The 
activity ratings for the water Insoluble fractions were 2-3 
times greater with the various types of spent hops than with 
cultivated peat. It will be noticed that hops 0 contained 
1,7/S water soluble nitrogen. Since this material was still 
in the moist state, it is expected that at least part of this 
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TABLE 4 
Basalts of Analyses for Nutrient Elements 
Present in Organic Materials# 
Organic Material 
Nutrient Elements 
Hops A Hops 3 Hops C Cultivated Peat 
Peat 
Moss 
", ; '•! ' , ' m 1 
Total Percentage 3*5 4.4 4.7 3.1 0.8 
# Soluble in 
water 0 0.3 1.7 0.2 m 
1 -p Insoluble in water 3.5 4.1 3.0 2.9 - 
$ Insoluble in 
water & active 
in neutral 
permanganate 
2*0 3.2 2.3 0.8 - 
Activity of water 
insoluble 57 78 
r. 
77 2S m 
Per Cent PgO^ 0*77 1.13 1.65 0*07 0.07 
Per Cent KgO o*15 0.42 0.81 0#15 0.08 
Per Cent Ca 1.06 l.o4 1.11 2.96 0.01 
Beaarfcsi All percentages are on a dry weight basis# 
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nitrogen would be lost in drying methods which involve 
pressing. 
The spent hops materials were found to he higher 
in phosphorus than cultivated peat and peat moss. Hops B 
and hops 0 were higher in potassium, but again, part of the 
potassium in hope C would be lost in drying methods involving 
the extraction of water by pressing since potassium is known 
to be quite soluble. Cultivated peat was found to be highest 
in calcium. This correlates with the acidity of the organic 
♦ *. 
materials, cultivated peat i/as highest in pH. Peat moss 
* * * % 
was found to be low in all nutrients for which analyses 
were made; the total of all the nutrients present in peat 
moss was less than one per cent. 
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greenhouse and Laboratory Studies 
Arrangement and procedure of greenhouse experiments 
Soils used 
Three soils, a sandy loam, a silt loam, and a olay 
loam, were selected for the greenhouse experiments. The 
characteristics of these soils are shown in table 5# 
Preparation of mixtures 
The soils were brought into the greenhouse, screened, 
and then thoroughly mixed to insure uniformity. It was 
decided to make the mixture of soil and organic materials on 
a volume basis due to a great difference in unit weight of 
these organic materials. The cultivated peat was a fairly 
heavy material while the spent hops were extremely light in 
weight. Aside from weight differences, it seemed desirable 
to use a volume basis for incorporation since this is the 
basis usually used in actual field work. The usual procedure 
for the incorporation of organic materials to turf areas 
involves applying a number of Inches of organic material to 
the top of the soil followed by a thorough mixing of the 
organic materials into the soil itself or by mixing a number 
of shovelfuls of organic material with a number of shovelfuls 
of soil. In view of this, a volume comparison seemed desirable. 
TABLE 5 
/ 
Characteristics of Soils Used In Greenhouse Experiments 
With Organic Materials* 
Soil Class 
(Texture) 
Bouyoucos Method for 
% Sand, Silt, and Clay 
Results of C^iick 
Test for nutrients pH 
Sand sm Clay HH4 Oa Kg HO3 P 
Sandy Loam T9 20 1 VL-L VL L M M 4.85 
Silty Loam 42 53 5 VL-L VL L MH M 4.85 
Clay Loam 
Js 
35 % 29 VL-L MH H MH M 5.66 
Remarks? VL - very low 
L - low 
M - medium 
MH - medium high 
H * high 
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The weights of the materials used were recorded for the 
purpose of additional comparison. 
Mixtures of the various organic materials were made 
at three rates of incorporation with each of the three soils. 
The light rate of incorporation consisted of two volumes of 
organic material to five volumes of soil, the medium rate 
was four volumes of organic material to five volumes of soil, 
and the heavy rate consisted of six volumes of organic 
material to five volumes of soil. All mixtures were made in 
triplicate. After mixing, the mixtures were placed in 
wooden boxes measuring 8" x 8s x 8*. Boxes which x^ere 8“ 
deep were used since that depth is ideal for the topsoil of 
turf areas. Controls considting of soil alone were maintained 
for each of the three soils. Samples of all mixtures made 
were withdrawn for various laboratory analyses. Forty-two 
mixtures (inoludlng controls) were made to give a total of 
126 plots. 
Maintenance of plots 
The plots were moistened and kept in a moist 
oonditlon for one week or ten days and then sampled to 
determine the acidity of the mixtures. 
The plots containing organic materials mixed with 
the sandy loam soil and with the olay loam soil were seeded 
with a 50-50 mixture by weight of colonial bent and Kentucky 
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bluegrase seed at the rate of three pounds per thousand 
square feet on September 5» 1948* These plots were kept 
outside the greenhouse In an enclosed area until October 28, 
1948, at which time they were taken Into the greenhouse. 
The plots containing organic materials mixed with 
the silt loam soli were seeded In the 3ame manner as above 
on November 13, 1948, These plots wore kept In the 
greenhouse from the beginning of the experiment. 
Since the object of this thesis Is to determine 
If spent hops can be used as a source of organic matter for 
turf areas, It seemed advisable to maintain the plots under 
adverse conditions. To accomplish this* all plots were 
maintained under a system of limited moisture. It was also 
hoped that by this means observations on moisture availability 
could be obtained which would correlate with laboratory 
determinations. Equal amounts of water were applied to all 
plots of the same series, the applications averaging 2.2 
inches per month for the sandy loam and olay loam soils and 
2.4 inches per month for the silt loam soil. 
The grass was maintained at a height of liH. The 
growth of the grass above ljw was taken and recorded at the 
time of cutting. 
In order to determine the response of the various 
plots to a fertilization program, the plots of turf received 
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the following treatments: 
Plots of organic materials and clay loam soli 
1. Application of ground limestone at the 
rate of 40 lbs, per 1000 square feet 
nine weeks after seeding* 
2. Application of castor bean pomace at 
the rate of 16.6 lbs, per 1000 square 
feet thirteen weeks after seeding, 
3. Application of a complete Inorganic 
fertilizer (5-8-7) at the rate of 
20 lbs, per 1000 square feet twenty- 
four weeks after seeding. 
Plots of organic materials and sandy loam soil 
The plots of organic materials mixed with 
sandy loam soli received treatments which were 
Identical to those of the clay loam soil. 
Plots containing organic materials and silt loam soil 
1, Application of ground limestone at the 
rate of 40 lbs, per 1000 square feet 
nineteen weeks after seeding, 
2. Application of a complete inorganio 
fertilizer (5-8-7) at the rate of 20 
lbs, per 1000 square feet twenty-one 
weeks after seeding. 
The temperature of the greenhouse was maintained 
at a minimum of 70°P, Perlodio observations of all plots 
were conducted to determine the effects of the organic matter 
upon the growth and general appearanoe of the grass. On two 
occasions it was necessary to control Insects by fumigating 
the greenhouse with nicotine sulfate bombs. On one occasion 
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It was necessary to control a fungus outbreak by the use 
of F-531 fungucide. 
The growth of turf upon the clay loam soil and 
upon the sandy loam soil was terminated thirty*two weeks 
after seeding* The growth of turf upon the silt loam soil 
was terminated thirty weeks after seeding* The plots were 
photographed and the soil mixtures screened to remove the 
grass mat and roots, using a 4* mesh screen* The screened 
soil was then thoroughly mixed and sampled for analysis. 
Experimental results 
Acidity variations due to organic materials 
An investigation was conducted to determine the 
effects of the organic materials upon the acidity of the 
soil. After the mixtures of organic materials and soil were 
made, the plots if ere kept moist for a period of one week or 
ten days, after which time they were sampled and the pH of 
each mixture determined, The plots were then seeded to turf, 
* 
An application of ground limestone was made to all plots at 
the rate of forty pounds per thousand square feet during the 
growth period of the grass. At the end of the growth period, 
the plots were again sampled and the soil acidity determined. 
The results of these investigations are shown in tables 6, 
7, and 8, 
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TABLE 6 
The Effects of Organic Materials Upon the pH of a Sandy Loam Soil 
Before and After the Growth of Turf. 
/ 
Type of organic 
material added to 


















Hops P 2/5 1*9® 6.6 5*1 
Hops A 2/5 1.07 6.1 5.1 
Cultivated Peat 2/5 4.96 5.6 5.4 
Peat Moss 2/5 2.13 4.6 4.5 
Hops D H5 3.97 7.4 5.2 Hops A V5 2.13 6.7 5.1 
Cultivated Peat 4/5 9.94 5*7 5.5 
Peat Moss 4/5 4.26 4.5 4.2 
Hops D 6/5 5.96 7.5 5.4 
Hops A 6/5 3-35 7*4 5.2 
Cultivated Peat 6/5 14.92 6.7 5.4 
Peat Moss 6/5 6.40 4.4 4.2 
Control 0 0 M 4.8 
Remarks: 1) The pH of the organic materials alone at the time of 
miring were as follows: 
Hops A 5* ^ 
Hops D 5*3 
Cult.Peat 5*6 
Peat Moss 4.3 
2) All plots received an 
equivalent to 40 lbs* 
after seeding. 
application of ground limestone 
per 1000 square feet nine weeks 
-38- 
table 7 
The Effect* of Organic Material* Upon the pH of a Clay Loam Soil 
Before and After the Growth of Turf. 
Type of organic 
material added to 


















Hops D 2/5 2*32 6.0 5.3 
Hops A 2/5 1.24 5.9 5.5 
Cultivated Peat 2/5 5.81 5.9 5.7 
Peat Moss 2/5 2.23 5*4 5.3 
Hops D 4/5 4.63 6.1 5.0 
Hops A H5 2.49 6.3 5.1 Cultivated Peat 4/5 12.46 5.8 5.6 
Peat Moss 4/5 4.98 5*1 5.0 
Haps D 6/5 6.96 6.9 4.9 
Hops A 6/5 4.00 6.3 5.1 
Cultivated Peat 6/5 16.53 5.S 5.6 
Peat Moss 6/5 7.47 4.8 4.6 
Control 0 0 6.0 6.0 
Remarks? l) The pH of the organic material* alone at the time of 
mixing t*jdre as follows? 
Hops A 5*4 
Hops D 5* 3 
Cultivated Peat 5.o 
Peat Moss 4.3 
2) All plots received an application of ground limestone 




She Effects of Organic Materials tJpon the pH of a Silty loam Soil 
Before and After the Growth of Turf. 
Type of organic 
material added to 


















Hops 0 2/5 3.4o 7.0 4.6 
Hops A 2/5 1.94 5*3 5*0 
Hops B 2/5 5*39 6.6 4.6 
Cultivated Peat 2/5 3.20 5*5 5*4 
Peat Moss 2/5 1*70 4.6 4.7 
Hops C 4/5 6.92 7.9 
Hops A 4/5 3.86 5*6 4.9 
Hops B 4/5 10.75 6.S 4.5 
Cultivated Peat 4/5 16.37 5*4 5.4 
Peat Moss 4/5 3.40 4.5 4.5 
Hops C 6/5 10. 4l s.3 «» 
Hops A 6/5 5.7? 5*9 4.? 
Hops B 6/5 16.14 7*5 4.4 
Cultivated Peat 6/5 24.56 5.5 5.4 
Peat Moss 6/5 5.12 £3 4.4 
Control 0 0 5.0 5.1 
Bemarks: 1) The pH of the organic material• alone at the time of 
nixing were as follow*: 
Hops A 4.7 
Hops B 5*0 
Hops 0 4.2 
Cultivated Peat 5.6 
Peat Moss 4.2 
2) All plots received an application of ground limestone 
equivalent to 40 lh*. per 1000 square feet 19 week* 
after seeding* 
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After a period of one week, an increase of pH over 
the control was found on those soils containing spent hops 
and cultivated peat. This increase of pH was greater for 
the spent hops plots and was very marked on the lighter soils 
and heavier rates of incorporation. In several oases the 
pH increased to the alkaline side of neutrality. It will be 
noticed that hops C increased the pH of the silt loam soil 
from pH 5 to pH 7.0, 7«9p and 8.3 for the light, medium, and 
heavy rates, respectively. After germination of the grass 
seed on these plots, it was noticed that the grass on the 
plots of hops 0 at the medium and high rates was dark green 
in color. The grass took on a dark appearance and gradually 
died. The pH of these plots and the appearance of the grass 
suggested an ammonia toxicity. The general increase of pH 
on plots containing spent hops at the beginning of the 
experiment indicated a breakdown of the material and a 
release of nitrogen. Although it is not known how long the 
pH of the hops plots stayed up, it is believed that they 
decreased as the nitrification processes progressed. There 
was a depression of the soil pH by peat moss from the beginning 
of the experiment. Peat moss was known to be quite acid. 
It will be noticed from tables 6 and 7 that the 
pH of the sandy loam and clay loam soils had deoreased to 
values which were less than those at the beginning of the 
experiment, but cultivated peat and spent hops did not decrease 
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"below the control value. The pH values of plots containing 
peat moss were consistently below the values of the control. 
In the case of the slit loam soil the Initial pH 
of the soil containing spent hops showed the greatest 
increase, but by the end of the experiment the pH had 
decreased to values equal to, or slightly less than, the 
control. In all three soils there was little or no change 
of pH between the Initial and final determinations for plots 
/ 
containing cultivated peat and peat moss* 
Moisture relationships 
A study of the moisture relationships of the soil 
as influenced by the incorporated organic materials was made 
upon the sandy loam and clay loam soils at the time of 
mixing and again after the growth of turf. The single value 
physical constants determined included the water holding 
capacity, moisture equivalent, wilting coefficient, and 
available moisture. 
The water holding capacity was determined by the 
use of Hilgard cups. The moisture equivalent was determined 
by the <>oldbeck~Jackson centrifuge method (5) using goooh 
crucibles and an International size 2 centrifuge. The 
wilting coefficient was estimated by the use of the Briggs 
and Shantz factor of 1.84. Although the use of this factor 
is open to question (31)# it seemed permlssable to estimate 
-42- 
the wilting coefficient by Its use since the comparisons were 
made within the same soil. Therefore any differences found 
were assumed to be due to the incorporated or anio materials. 
The absolute value of the wilting coefficient ;/as not sought, 
but rather a relative comparison. In viei* of this, the use 
of this factor seemed permissable. The available moisture 
was estimated by subtracting the wilting coefficient from 
the moisture equivalent. In the determination of the physical 
constants, a deviation was made from the normal procedures in 
that the soil samples were not screened through a 2 mm. 
screen. Screening would have removed undecomposed organic 
matter which would still have an effect upon the characteristics 
of the soil. An additional source of error would have been 
introduced by screening due to the difference in fineness of 
texture betiveen the types of organic materials. All analyses 
were made in triplicate and the data shown are averages of 
the three determinations. The results of the moisture 
relationship studies upon the sandy loam soil are shown in 
tables 9, 10, and 11, and the results of the studies upon 
the clay loam soil are shown in tables 12, 13, and 14. 
The data in tables 9, 10, and 11, indicate that the 
moisture relationships of a sandy loam soil are improved by 
all of the types of organic materials used. The greatest 
improvement was shown in those plots containing cultivated 
peat. The data lndioate that peat moss is more effective 
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table 9 
The Effects of Organic Materials* When Mixed at a Light Bate of 
Incorporation* Upon the Moisture Relationship of a Sandy 
Loan Soil Before and After the Growth of Tux£.* 









Per Cent of Organic Materials 
Added (dry weight basis) 1.9* 1.07 4.96 2.13 0 
Water Holding Capacity 
Before 
Turf 45-1 44.2 53.2 50.7 30.7 
After 
Turf 36.4 4l.l 53.9 50.3 34.7 
Moisture Equivalent 
Before 
Turf 4.2 8.0 5.S 3.8 
After 








Turf 2.7 2.3 4,4 3,2 2.1 
Coefficient* After 
Turf 2.9 2.8 6«o 4.0 2.1 
Estimated Available 
Before 
Turf 2.2 1.9 3.6 2.6 1.7 
Moisture* After 
Turf 2.4 2.3 5.1 3.4 1.8 
Increase of Available 
Before 
Turf 0.5 0.2 1.9 0.9 m 
Moisture Over Control After 
Turf o.6 0.5 3.3 1.6 - 
Increase of Available 
Moisture Per Unit Wt. 
Before 
Turf 0.25 0.19 0.3s 0.42 
of Organic Material 
Added 
After 
Turf 0.30 0.47 0.67 0.75 - 
♦Remarks: 1) The mixtures were made on a volume Basis of two parts orgenic 
material to five parts soil* 
2) The wilting coefficient was estimated by the use of the Briggs 
and Shantz factor of 1.84. The available moisture was obtained 
by subtracting the wilting coefficient from the moisture 
equivalent. 
3) The period of growth of turf was thirty-two weeks. 
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TABLS 10 
Oie Effects of Organic Materials* When Mixed at a Medium Hate of 
Incorporation, Upon the Moisture Relationships of a Sandy 
Loam Soil Before and After the Growth of Turf.* 
Type of Organic Material Added 
Hops Hops Cultivated Peat 
D A Peat Moss control 
Per Cent of Organic Materials 
Added (dry wei^it basis) 3.97 2.13 9.9^ 4.26 0 
Whter Holding Capacity 
Before 
Turf 5^*7 5*. 5 63.2 S3.5 30.7 
After 
Turf 53.5 36.6 76.0 75.4 34.7 
Moisture Equivalent 
Before 
Turf 7.2 6.1 11.7 7.8 3.8 
After 
Turf 6.7 5.4 20.0 10.7 3-9 
Estimated Wilting 
Before 
Turf 3.9 3.3 6.4 4.2 2.1 
Coefficient* After 
Turf 3.6 2.9 10.9 5.3 2.1 
Estimated Available 
Before 
Turf 3*3 2.8 5.3 3*6 1.7 
Moisture* After 
Turf 3.1 2.5 9*1 4.9 1.8 
Increase of Available 
Before 
Turf 1* 6 1.1 3*6 1.9 m 
Moisture Over Control After 
Turf 1.3 0.7 7.3 3.1 «*► 
Increase of Available 
Moisture Per Unit Wt. 
Before 
Turf 0.40 0.52 0.36 0.45 • 
of Organic Material 
Added 
After 
Turf 0.33 0.33 0.73 0.73 - 
♦Remarks: l) The mixtures were made on a volume basis of four parte organic 
material to five parte eoll. 
2) The wilting coefficient was estimated by the use of the Briggs 
and Shant s factor of 1.84. The available moisture was 
obtained by subtracting the wilting coefficient from the 
moisture equivalent. 
3) The period of growth of turf was thirty-two weeks. 
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tabls 11 
The Effects of Organic Materials. When Mixed at a Heavy Hate of 
Incorporation, Upon the Moisture Relationships of a Sandy 
Loam Soil Before and After the Growth of Turf.* 






Peat Moss Control 
Per Cent of Organic Materials 
Added (dry weight basis) 5.96 3.35 14.92 6.40 0 
Water Holding Capacity 
Before 
Turf 70.3 63.4 78.9 no. 4 30.7 
After 
Turf U3.5 35.4 79.4 75.1 3^.7 
Moisture Equivalent 
Before 
Turf 9.1 6.2 13. S 10.T 3.8 
After 
Turf 6.8 6.2 21.5 11.8 3.9 
Estimated Wilting 
Before 
Turf 4.9 3.4 7.5 5.S 2.1 
Coefficient* After 
Turf 3.7 3.4 11*7 6.4 2.1 
Estimated Available 
Before 
Turf 4.2 2.8 6.3 4.9 1.7 
Moisture* After 
Turf 3.1 2.8 9.8 5.4 1.8 
Increase of Available 
Before 
Turf 2.5 1.1 4*6 3.2 m 
Moisture Over Control After 
Turf 1.3 1.0 s.o 3.6 mm 
Increase of Available 
Moisture Per Unit tft. 
Before 
Turf 0.42 0.33 0.31 O.50 - 
of Organic Material 
Added 
After 
Turf 0.22 0.30 0.54 0.56 - 
♦Remarks* 1) The mixtures were made on a volume basis of six parte organic 
material to five parts soil# 
2) The wilting coefficient wae estimated by the use of the Briggs 
and Slants factor of 1.84* The available moisture was obtained 
by subtracting the wilting coefficient from the moisture 
equivalent. 
3) The period of growth of turf was thirty-two weeks. 
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than spent hops. An increase of the physical oontants 
occurred on the s;.ndy loam soil after the growth of turf on 
all plots containing cultivated peat. An increase of all 
physical constants except the water holding capacity was 
* 
found after the growth of turf for the plots containing peat 
moss, a decrease in water holding capacity was noticed after 
turf at all three rates of incorporation of peat moss, The 
spent hops plots showed an increase of the moisture equivalent, 
wilting coefficient, and available moisture after turf only 
at the light rate of incorporation. The moisture equivalent, 
wilting coefficient, and available moisture for clots 
containing hops A at the heavy rate of incorporation did 
not change after the growth of turf, but both hops A and 
hops D at the medium rate of incorporation and hops D at 
the heavy rate of incorporation showed a decrease of all of 
the single value physical constants after the growth of turf. 
It is believed that this deorease of Physical constants is 
an indication that these materials were breaking down and 
decomposing. 
It is realized that since these experiments were 
made on a volume basis, the weights of organic materials 
which effected the change in the moisture relationships 
differed considerably. The percentage of cultivated peat 
on a dry weight basis was almost five times greater hops A, 
In view of this, an attempt was made to compare the Increase 
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of available moisture on both a weight and a volume basis 
by dividing the total inorease of available moisture by the 
percentage of organic material added, to obtain an inorease 
per unit weight of material added. It may be seen, however, 
that the increase of available moisture is not directly 
proportional to the amount of organic material added, and 
for this reason the inorease per unit weight may not be a 
valid comparison. 
The data of tables 12, 13 and 14 indicate that 
there is an initial improvement in the moisture relationships 
of a clay loam soil by all tyoes of organic materials used, 
the Improvement being less than for the sandy loam soil, 
A decrease of the physical constants occurred after the 
growth of turf on plots containing spent hops and peat moss 
at the li^it and medium rates of incorporation to the point 
where there was little or no difference from the control. 
An increase of the moisture equivalent, wilting coefficient, 
and available moisture occurred on all plots containing 
organic materials at the heavy rate of incorporation and 
after the growth of turf. On a volume basis cultivated 
peat showed the greatest improvement of the physical values 
at all rates of incorporation except the water holding 
capacities at the medium and high rates of Incorporation, 
in which oase, peat moss was most effective. 
Throughout the experiment there were some 




The Effects of Organic Materials, When Mixed at a Light Bate of 
Incorporation, Upon the Moisture Relationships of a Olay 
Loam Soil Before and After the Growth of Turf.* 









Per Cent of Organic Materials 
Added (dry weight basis) 2.32 1.24 5. a 2.23 0 
Water Holding Capacity 
Before 
Turf 75.4 69.3 81.8 79.2 56.1 
.After 
Turf 66.7 62.6 79*0 68.7 94.3 
Moisture Equivalent 
Before 
Turf 18.4 19.5 22.2 20,6 16.0 
After 
Turf 17.8 17.7 24.2 IS. 5 17.S 
Estimated Wilting 
Before 
Turf 10.0 10.6 12.0 11.2 8.7 
Coefficient* After 
Turf 9.7 9.6 13.2 10.1 9.7 
Estimated Available 
Before 
Turf 8.4 8.9 10.2 9.4 7.3 
Moisture* After 1 
Turf g.l S. 1 11.0 8.4 S.1 
Increase of Available 
Before 
Turf 1.1 1.6 2.9 2.1 
*» 
Moisture Over Control After 
Turf 0 0 2.9 0.3 
Increase of Available 
Moisture Per Wait Wt. 
Before 
Turf 0.47 1.29 0.50 0.94 m. 
of Organic Material 
Added 
After 
Turf 0 0 0.90 0.13 
m 
♦Remarks: 1) Mixtures were made on a volume basis of two parts organic 
material to five parts soil* 
2) The wilting coefficient was estimated by the use of the 
Briggs and 5h&nts factor of 1.S4. The available moisture 
was obtained by subtracting the wilting coefficient from 
the moisture equivalent. 




The Effects of Organic Materials, When Mixed at a Medium Bate of 
Incorporation, Upon the Moisture Relationships of a Olay 
Loam Soil Before and After the Growth of Turf.* 






Peat Moss Control 
Per Cent of Organic Materials 
Added (dry vei^it basis) 4.63 2.49 12.46 4.98 0 
t&ter Holding Capacity 
Before 
Turf 79.9 80.7 91.7 105.3 56.1 
Aftar 
Turf 74.8 55.8 94.3 89.4 54.3 
Moisture Equivalent 
Before 
Turf 19.2 18.1 26.1 21.4 16.0 
After 
Turf 17.9 17.8 28.8 a.6 17.8 
Estimated Wilting 
Before 
Turf 10.4 9.8 14.2 11.6 8.7 
Coefficient* After 
Turf 9.7 9.7 15.7 11.7 9.7 
Estimated Available 
Before 
Turf 8.6 8.3 11.9 9*8 7.3 
Moisture* After 
Turf 8.2 S.l 13.1 9.9 8.1 
Increase of Available 
Before 
Turf 1.5 1.0 4.6 2.5 
Moisture Over Control After 
Turf 0.1 0 5.0 1.8 - 
Increase of Available 
Moisture Per Unit Wt. 
Before 
Turf 0.32 0.40 0.37 0.50 • 
of Organic Material 
Added 
After 
Turf 0.02 0 0.40 0.36 cm 
* Remains; 1) The mixtures were made on a volume basis of four parts 
organic material to five parts soil* 
2) The wilting coefficient was estimated by the use of the 
Briggs and Shanta factor of 1.84. The available moisture 
was obtained by subtracting the wilting coefficient from 
the moisture equivalent. 
3) The period of growth of turf was thirty-two weeks. 
-50- 
TABLE 14 
The Effects of Organic Materials* When Mixed at a Heavy Bate of 
Incorporation* Upon the Moisture Relationships of a Olay 
Loam Soil Before and After the Growth of Turf.* 






Peat Moss Control 
Per Gent of Organic Materials 
Added (dry wei^it basis) 6.96 4.00 16.53 7.47 0 
Water Holding Capacity 
Before 
Turf 96.4 88.4 uo.4 129.0 56.1 
After 
Turf 89.4 80.6 104.8 90.4 54.3 
Moisture Equivalent 
Before 
Turf 21.0 19.4 29.2 24.2 16*0 
After 
Turf 21.5 21.1 32.4 25.1 17.8 
Estimated Wilting 
Before 
Turf IX. 4 10.5 15.9 13.1 8.7 
Coefficient* After 
Turf 11.7 11.5 17.6 13.6 9.7 
Estimated Available 
Before 
Turf 9.6 8.9 13.3 11.1 7.3 
Moisture* After 
Turf 9.2 9.6 14.S 11.5 S.l 
Increase of Available 
Before 
Turf 2.3 1.6 6*0 3*8 m 
Moisture Over Control After 
Turf 1.7 1.5 6*7 Jtfl 
we 
Increase of Available 
Moisture Per Unit Wt. 
Before 
Turf 0.33 0.40 0.36 0*51 * 
of Organic Material 
Added 
After 
Turf 0.24 0.38 o.ia 0. M6 - 
♦Remarks* 1) The mixtures were made on a volume “basis of six parts 
organic material to five parts soil* 
2) The wilting coefficient was estimated “by the use of the 
Briggs and Shantz factor of 1.84, The available moisture 
was obtained by subtracting the wilting coefficient from 
the moisture equivalent* 
3) The period of growth of turf was thirty-two weeks. 
higher rates of Incorporation were slow to absorb water. 
This was more noticeable when the mixtures were dry. 
Some difficulty was experienced with seed germination on 
the silt loam soil which was mixed with hops B. It was 
necessary to seed these plots twice before a stand of grass 
could be obtained. Although a very fine spray was used for 
applying the water to these plots, the water was absorbed 




A study was made upon the carbon-nitrogen ratios 
of the mixtures of silt loam soil and organic materials 
before and after the growth of turf. The per cent of organic 
matter was determined by the rapid chromic acid titration 
method of Walkley as modified by Peeoh, et, al. (28), The 
percentage of carbon was computed from the assumption that 
organic matter contains 58# carbon. Total nitrogen was 
determined by the Gunning method modified to include nitrate 
nitrogen (25)* All analyses wore made in triplicate and 
the data shown are averages of the three determinations. 
The samples were not screened through a 2 mm. sieve since 
this would have removed undecomposed organic matter and 
the carbon-nitrogen ratio of the mixture was desired. The 
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aii plots of organic mat rials and silt loam soil 
showed a decrease In the percentage of organic matter after 
the growth of turf for thirty weeks, except the control and 
peat moss at the highest rate of incorporation. The plots 
containing spent hops showed the greatest decrease in organic 
matter, the decrease was more noticeable at the heavier 
rates of incorporation. The plots containing spent hops also 
showed the greatest decrease in nitrogen content, Cultivated 
peat showed little or no change in nitrogen content at the 
medium and heavy rates of incorporation, while peat moss 
showed slight increases in nitrogen at all rates, A decrease 
in the carbon-nitrogen ratio after the growth of turf was 
found for all treatments except hops 0, hops A, and 
cultivated peat at the light rates of incorporation, and 
for peat moss at the heavy rate. Peat moss at the light and 
medium rates of incorporation showed the greatest decrease 
of the carbon-nitrogen ratio. Cultivated peat was not 
expected to change much since it was already fairly well 
decomposed. Evidently, there was not much change on the 
spent hops plots because the carbon-nitrogen ratio of hops 
was already very similar to that of the soil alone. Peat 
moss showed a decrease of the carbon-nitrogen ratio at the 
lighter rates of incorporation because of the slight gain in 
nitrogen content as compared to a decrease in nitrogen on 
the spent hops plots. 
■5*1- 
Although the carbon-nitrogen ratio changes on 
the spent hops plots were not great, it is believed that the 
definite decrease in organic matter and nitrogen content 
clearly indicates a breakdown and decomposition of spent hops* 
» \ - 7 ■ * • •' . { * •• ' i . ? *• ’ 
Base exchange capacity 
The base exchange capacities of the mixtures of 
organic materials and silt loam soil were determined after 
the growth of turf for a period of thirty weeks. The base 
exchange capacities were determined by Sieling*s copper 
acetate method (35) as modified by Luous (14). All analyses 
vfere in triplicate and the data shown are the averages of the 
three doterminations. The base exchange capacity is 
expressed as m.e./lOO gm. of air dry soil* The results are 
shown in table l6. 
The plots containing cultivated peat were found to 
have the highest base exchange capacity at all rates of 
incorporation, the exchange capacity was increased from 
5 for the control to 12, 1?, and 25 ra.e./lOO gm. at the 
light, medium, and heavy rates, respectively. Hope 0 and 
hops A Y*ere not effective at the light rate of incorporation, 
but showed slight Increases over the control at the medium 
and heavy rates. The data indicates that the effectiveness 
of the organic materials on a volume basis in Increasing the 
-55- 
TABLE l6 
The Effects of Organic Materials Opon the Base Exchange 
Opacity of a Silt Loam Soil.* 













Hops 0 2/5 3.40 5 
Hops A 2/5 1.94 5 
Hops B 2/5 5.39 6 
Cultivated Peat 2/3 S. 20 IS 
Peat Moss 2/5 1.70 6 
Hops A 4/5 3.86 6 
Harps B ¥5 10.75 7 
Cultivated Peat 4/5 16.37 17 
Peat Moss 4/5 3.56 g 
Hops A 6/5 5.79 7 
Hops B 6/5 16.14 s 
Cultivated Peat 6/5 24.56 25 
Peat Moss 6/5 5.12 9 
Control 0 0 5 
* Remarks: The organic materials were mixed with the soil and 
then seeded to turf. The Base Exchange Capacities 
were determined after thirty weeks of turf by the 
copper acetate method# 
baae exchange capacity of a clIt loam soil are In the order 
cultivated peat peat moss hops B hops A* 
HIffeet upon the growth of grass 
Observations were conducted upon the plots 
throughout the period of the growth of turf to determine the 
effects of the organic materials upon the growth of grass* 
It seemed desirable to maintain the grass at a height of 
li Inch since this is the height at which lawns are usually 
maintained. In order to observe the growth of the grass, the 
height of growth above l£ inch was taken and recorded at the 
time of each cutting. It is realized that this method may 
not have been as quantitative as weight measurements, but 
to collect all of the clippings at each cutting would have 
been inaeurate and would not have represented the picture* 
It was felt that measuring the height would give a good 
relative Indication of the growth of the grass and also be 
xjlthin the objective of this thesis. Records of the growth 
of each plot were maintained and the averages of the 
triplicate plots wore tabulated for each treatment. The 
results of these growth measurements are shown in tabbies 1? 
to 25 Inclusive, These data are also shown graphically 
in figs* 1, 2 and 3 respectively. Table 17, 18, and 19 are 
the growth measurements of the grass grown on a sandy loam 
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grass grown upon a clay loam soil; and tables 23, 24, and 25 
are for the silt loam soil* 
It will be noticed from tables 17, 18, and 19 
that the growth of grass upon the sandy loam soil was 
improved by the incorporation of all types of organic 
materials used, The increase of growth over the control was 
consistently higher at all rates of incorporation for the 
spent hops than for cultivated peat or peat moss, The 
increase of growth was found to be true regardless of 
whether the comparisons were made on a volume or a weight 
basis of organic material added. There does not seem to be 
a great deal of growth advantage by the higher rates of 
incorporation of spent hops, the grov/th at the lightest 
rate being similar to the growth at the heaviest rate. The 
increase of growth per unit weight of organic material added 
was found to decrease as the rate of incorporation of spent 
hops was increased. The growth of grass for a period of 
eleven weeks following an application of an organic 
fertilizer was found to be generally the same for all types 
of organic materials added to the soil, except for the heavy 
rates of incorporation of cultivated peat and peat moss, in 
which case the growth decreased* 
Spent hops was found to maintain the growth 
advantage of the grass following an application of an 
inorganic fertilizer, the growth on the spent hops plots was 
greater than for the plots of cultivated peat or peat moss. 
The periods of observation of growth following the application 
of fertilizer may have been too long and might have been 
reduced to obtain a better comparison. The overall 
improvement In growth of the grass upon a sandy loam soil 
was found to be in the order spent hops^> cultivated peat/* 
peat moss. 
The data in tables 20, 21, and 22 shot* the same 
general trend for the clay loam soil as for the sandy loam 
soil except that the stimulation of growth was less upon the 
clay loam than upon the sandy loam soil. Peat moss was 
found to retard the growth of the grass upon the clay loam 
soil except for oerlod3 following fertilization of the plotg 
at the heavier rates of incorporation of peat moss. Both peat 
moss and cultivated peat at the medium rate of incorporation 
showed greater increase of grass growth than spent hops 
following an application of an organic fertilizer. Cultivated 
peat showed a greater increase of grass growth than spent 
hops or peat moss at the medium rates of incorporation for 
the period following an application of an inorganic fertilizer. 
The over all improvement in growth of grass upon the clay 
loam soil was found to be in the order spent hops^> cultivated 
peat^> peat moss. 
The data of tables 23, 24, and 25 show a greater 
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plots containing spent hope* The increased growth on the 
spent hops plots was found both prior to fertilisation end 
after an application of inorganic fertiliser. The 
stimulation was apparent re ‘ardless of whether compared on 
a volume basis of organic materials added or on a weight 
basis of materials added. The growth of grass upon the 
plots containing cultivated peat was less than the growth on 
the control except for the period following the application 
of fertilizer upon the plots mixed at the light rate of 
incorporation* Peat moss likewise caused, a decrease growth 
on the silt loam ecilt the decrease being apparent on all 
peat moss treatments except for a period following the 
. t 
application of the inorganic fertilizer to those plots mixed 
at the medium rate of incorporation. 
/ 
Additional information concerning the effects of 
the organic mater isle upon the growth of grass may be 
obtained from Pig. 1, 2, and 3 in which the cumulative growth 
of grass is plotted against time. 
Throughout the course of the experiment, the grass 
upon the plots containing spent hops was observed to have a 
better green color and lacked the symptoms of nutrient 
deficiency which appeared upon the grass of the plots 
containing cultivated peat and peat moss and upon the control. 
At the time of conclusion of the experiment, it wae notloed 


































































































































































































































time IN WEEKS 
Fig* 1, Kffeot of Incorporated Organic Material® Upon the 
Cumulative Growth of Grant* on a Clay Loam Soil* 
Light rate of incorporations 2 parts organic material 
to~5 parts soil by vol* 
70- 
Fig. 2. Effect of Incorporated Organic Materials Upon the 
Cumulative Growth of Grace on a Sandy Loam -oil. 
Light rat© of Incorporation: 2 parte organic 
material to 5 purte soil by vol. 
45 
7i~ 
Fig. 3* Effect of Incorporated Organic Material* Upon the 
Cumulative Growth of Grass on & Silt Loam Soil. 
Llpht rate of inoor--oration: 2 parte organic material 
to 5 parts soil by vol* 
while the remainder of the plots seemed to show only a small 
amount of growth and were almost yellow” in color. The 
symptoms suggested nutrient deficiencies upon all plots 
except those containing spent hops. In order to obtain 
farther information concerning these nutrient symptoms, 
- i / 
tissue tests were made upon the grass growing upon the 
mixtures of organic materials and sandy loam soil. The 
results of these tissue tests are shown in table 26* 
The results of the tissue tests indicate that the 
grass growing upon the plots containing spent hops was 
obtaining an adequate supply of nitrogen, phosphorus, and 
potassium. Results of the nitrate tissue tests Indicate 
that the grass growing upon the plots containing cultivated 
peat or peat moss and upon the control, was suffering from 
a deficiency of nitrogen. In those cases where a 
deficiency of nitrogen was indicated, tests were not made 
for phosphorus or potassium since the nitrogen deficiency 
represented an unbalanced condition within the plant and 
the results of the tests for other elements may or may not 
be valid. The plots of the sandy loam soil had received 
two previous applications of fertilizer. Evidently the 
period of influence of these fertilizers was passed and 
deficiencies of nitrogen resulted upon the control, the 
cultivated peat, and the peat moss plots. It is believed 
that the grass upon the plots containing spent hops was 
-73- 
TAELB 26 
Results of Tissue Toots of Grass Grown on Mixtures of Organle 
Materials and Sandy Loam Soil for a Period of Thiriy^Two Weeks.* 
Type of Organic 
Material Added 
Vol. Batio of 
Organic Material 
to Soil 
Results of Tissue Test41 
Nitrate p ^ 
N 
Hops D 2/5 H VH H 
Hops A 2/5 H vh H 
Cultivated Peat 2/5 0-T 0m — 
Feat Moss 2/5 0-T m m 
Hops D 4/5 H H-VH H-VH 
Hops A 4/5 H MH-VH H-VH 
Cultivated Peat 4/5 0 <tm . 
Peat Moss 4/5 0 < — 
Hops D 6/5 H H-VH MH-VH 
Hops A 6/5 H VH H-VH 
Cultivated Peat 6/5 0»L — 
Peat Moss 6/5 0 m 
Control 0 0 0m 
- 
•Remarks* 1) All plots received an application of castor Wean pomace 
at the rate of l6.6 lbs. per 1000 sq. ft. thirteen weeks 
after seeding. All plots received an application of a 
5-S-7 fertiliser at the rate of 20 lbs. per 1000 sq. ft. 
twentyfoar weeks after seeding. 
2) Key* 0 — None found MH «* Medium high 
T - Trace H - High 
L * Low VH - Very high 
M - Medium 
direotly or indirectly obtaining nutrients from the spent 
hops which was added to the soil. 
. > 
Photographs were made of the grass plots at 
various times throughout the experiment. Photographs of 
the plot8 of the clay loam series and of the sandy loam 
series as they appeared eight weeks after seeding are 
shown in Tig. 4 and 5. 
In order that the growing conditions of the grass 
upon the various plots at the time of harvesting could be 
photographed, all plots were clipped to a height of li 
inches ten days prior to the termination of the experiment. 
After a period of ten days from the last dipping had 
elapsed, a representative plot of each treatment was taken 
and photographed. These photographs are shown in Fig. 
6, 7, and 8. 
The photographs in Fig. 4 and 5 show that the 
grass on the plots whioh contain spent hops has a higher 
growth and a greener color after two months of growth. 
This is more noticeable on the sandy soil than on the day 
soil. The controls of both soils were slower starting than 
the plots containing organic materials. In Fig, 5* & 
spotty appearance can be noticed on the spent hops plots at 
the higher rates of incorporation. It is believed that this 
is due to a washing of seed. 
-75- 
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K The Sx&bamm of Organic NftUrUli flpon tho Orovth of Oraes 
on a CSlcvT to Soil after a Period ef Tea Heaths, 
A# hl^ht Jtetai TWo parte ongmio notorial to flee parte aoil 
hr roluae, 
1, Hqpe B 2, Hope A 3* ftAtiv&tod Post 4. Peat mm 
' ■ . > V 
B, Hedton Baiet Pear parte organic m^torisl to fire parte eoll 
h - toluste* 
5, Bens B & Hope A 7* OeXtimtod Peat 8, Peat mm 
* , i 1 , , 
0, Hacrgr Bate* Sir parte organic miorial to fire parte eoll 
tQr relume, 




% IIto of 0**anie Material* Vfcm ilia of Owtea 
on * Sc^'fer Um Soil after a Period of Month* 
A» Ogfct Bate* 
2?. $«h» » 
fro ports organic naiartol to fire parti aoil 
tgr roltssi* 
23* top* A 29, Ocatiwtoa tort 30. tort too* 
2. tMtlm totol tow pin* organic asterlcS. to ft» part* »tt 
ter YoltBta# 
32. Bops A 33. Oultlmted tort 3*»* »•»< tow 31* Hep* 0 
0. tt«arp ftatot 
35. topo» 
Six p»rt* organic ■etartal to fix* part* *otl 
tor rolOBMI* 
36* Hops A 37* Ooltivrstad Peat 38. Peat moo 
39* Control 
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The photographs In Fig. 6, 7, and 8 show that 
at the end of the experiment, the grass on the plots 
containing spent hops Is still higher and greener than 
the grass on the plots containing the other types of 
organic materials. The same trend Is noticed on all 
three soils. A settling was noticed on the clay loam soli 
mixed with spent hops at the heavy rate of Incorporation (Fig, 
6). It may also be seen that the stand of grass upon the 
slit loam soil mixed with hops C (Fig. 8) decreases with 
the heavier rates of organic material. It Is believed that 
this was due to an ammonia toxicity since the pH of the 
plot at the highest rate, ten days after mixing, was found 
to be 8.3. 
In general, the density of the grass upon the 
plots containing spent hops was less than those containing 
cultivated peat and peat moss. 
-78- 
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fflg# & The Sffoct of Organic Materials Upon the Growth of Grass 
on a Olay loam Soil —* Appearance of plots prior to bar* 
resting — all plots slipped to 1 l/4* ten days previous# 
s 
▲# light rate of Incorporation, 
B* Medium rate of incorporation# 
0# Hoary rate of incorporation# 
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0 
Mg* 7* The Bffoet of Organic Materials Upon the Growth of Grass 
on a Sasagr Loam Soil *• appearance of plots prior to hat* 
resting —* all plots OUpped to 1 l/'l* ton days previous* 
A. ll^it rate of Incorporation. 
B. Kedim rate of Incorporation. 
0. Heavy rate of Incorporation* 
-80- 
fig. 8* The Effect of Organic Materials Upon tho Growth of Grass 
on a Silt loam Soil ** appearance of plots prior to faar» 
resting —. all plots dipped to 1 1/4" ton days previous. 
Am Li#it rate of incorporation. 
S. Medium rate of inoorporation. 
0. Heavy rate of ineorporation. 
-81 
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It had been noticed In the greenhouse experiments 
that there was a tendenoy toward the loss of grass seed upon 
the plots containing some types of spent hope at the heavier 
rates of Incorporation, To obtain further Information on 
this factor, It was decided to conduct a field experiment by 
seeding areas in the late fall and observe the stand of 
grass obtained by the following spring. 
A hillside area of a sandy loam soil with a 
seven per cent slope was chosen for the experiment. An over 
all area of three hundred square feet was dug out to a 
depth of six inches. The topsoil was screened to remove 
the larger roots and stones. The topsoil was then mixed 
with the various types of organic material at a volume ratio 
of two parts of organic material to five parts soil. The 
mixtures were made with shovels and garden rates. The 
mixtures were then placed in the dug out area according to 
the diagram in Fig. 9. The soil mixtures were tamped to 
settle the soil, the area was leveled and then rolled. The 
area was seeded to strips of Kentucky bluegrass, Chewing1s 
fescue, and colonial bent at the rate of approximately fifty 
viable seeds per square inch on November 27$ 19^8* The seed 
/TV 
Mops S 1 
/ 
| ' C o n // o (...7 








Fig. 9* Diagram of plots used to study the 
effect of organic materials upon the 
loss of grass seed. 
was spread by hand and then lightly scratched in with a 
garden rake. A baffle was placed on the uphill side of the 
area to prevent excessive soil erosion during the winter 
and spring. 
Observations were conducted upon the area throughout 
the remainder of the winter and spring. In the first part 
of April it was notloed that the control and plots containing 
cultivated peat or peat moss were cracked and were eroded 
slightly while the plots of spent hops appeared smooth with 
a slight crusting effect upon the surface of the soil. By 
the middle of April the grass had begun to germinate. It 
fc 
appeared as If the seed upon spent hops plots was slower 
germinating or fi.se part of the seed had been lost. A 
photograph of the area taken at this time is shown in 
Fig. 10<*A. It was found by the middle of May that the 
plots containing hops A and hops C had a good stand of 
grass while the plots containing hops B was suite barren. 
Photographs of the general area and the individual plots 
whloh were taken on May l8f 19^9# ere shown in Fig. 10 and 11. 
The plot containing hops A showed little or no 
loss of seed and a good stand of grass was obtained. The 
plot containing hops 0 showed some loss of seed, but a 
sufficient amount remained to give a fairly good stand of 
grass* The seed upon the hops B plot washed quite badly 
and the upper side of the plot appeared barren. There was 
little or no loss of seed upon the control plot or upon the 
plots of cultivated peat and peat moss, all three of these 
plots appearing about the same. 
The growth of grass upon the plots was much 
greater in the case of hops A and hops 0. The growth of 
grass upon the hops B plots was good where the seed remained, 
but the area was largely barren due to the loss of seed. 
There appeared to be no visable difference in the growth of 
\ 
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Big. 10. fho Uffeets of Organic Material • Upon tho Loss of Grasa 
Seed and the Growth of Orate* 
v • ■ • ■ *\ ■ ■ * ; - ■, 
A* General view of field plots in April* 19*$* 
4f 
B. General view of field plots In May# 19^9* 
0* Control plot In May# 19**9* 
D. Hops A plot in Key# 19**9* 
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C a 
Fig* 11* The Sffocts of Organic Material t Upon the Lone of 
Grass Seed and the Growth of Grate* 
* 
A* Hope 1 plot In May* 19*9. 
I* Hops 0 plot in May* 19*9* 
0* cmtimted Feat plot In Key* 19*19* 




The experiments conducted have indicated tnat the 
use of spent hops in the construction of turf is feasible. 
The indications were that the spent hops had less effect 
than cultivated peat or peat moss upon the moisture 
relationships of the lighter textured soils and had little 
or no effect upon the heavier textured soils, exoept at a 
high rate of incorporation, when the materials were 
compared on a volume basis. The growth of the grass upon 
experimental plots did not correlate with the single value 
physical constants which were determined in the moisture 
relationship studies. In spite of the fact, that the 
moisture relationships of the spent hops plots were 
Improved to a lesser extent than by cultivated peat or peat 
moss, a better growth of grass was obtained on the spent 
hops plots under adverse moisture conditions. Vegetation is 
usually considered to need one inch of water per week during 
the growing season. These experiments were carried out 
under an average application of 2.3 inches and 2.4 inches of 
water per months. 
The base exchange oapaclty of a silt loam soil was 
improved more by cultivated peat than by spent hops. The 
improvement of the exchange capacity was quite significant 
-87- 
fox* the cultivated peat plots. In attempting an 
interpretation of the data presented on base exchange 
capacities, the fact that the cultivated peat was already 
in a decomposed state and that it was added in higher 
percentages by weight, should be considered. 
Several indications of the breakdown of spent 
hops were found. The carbon-nitrogen ratio of the hops 
material Itself was already quite low, suggesting an easily 
decomposeable material. An increase of soil pH was found 
on the plots containing spent hops, suggesting the 
liberation of ammonia. A settling of the soil was noticed 
upon the clay loam plots containing spent hops at the higher 
rates of incorporation. This settling of soil may have been 
due to a decomposition of material or a realignment of the 
soil particles or both. A greater growth of grass was 
obtained upon the spent hops plots indicating a release of 
nitrogen from the organic materials. The soil of the spent 
hops plot8 was found to show a greater decrease in percentages 
of organio carbon and total nitrogen than the plots of 
cultivated peat, peat moss, and the control. The grass upon 
the spent hops plots had a better green color and more 
luxuriant growth than the grass upon the plots containing 
other organio materials. 
It is considered that the greatest advantage in 
the use of organio matter in the construction of turf areas 
8&* 
Is the deoomposeable nature of the material and all of 
the secondary factors which are associated with an actively 
decomposing organic material. Active decomposition is 
associated with the stimulation of the soil microorganisms, 
improvement in the aggregation of soil particles, followed 
by an improvement of the air~molsture relationships, release 
of C02, and the consequent formation of weak oarbonio acid 
which is effective in the weathering of minerals and 
solution of nutrient elements, and with the release of 
organic acids. It has been demonstrated that spent hops 
will decompose in the soil and it is sincerely believed the 
spent hops develop all the attributes of decomposition. 
The practical organization of this Investigation 
indicates clearly that the use of spent hops in the growing 
of turf grasses can be benefloial. 
It should be emphasized that the greenhouse 
studies were conducted under a system of limited moisture. 
The organic materials were added to the soil in the 
condition as received. The addition of the materials to 
the soil after soaking and the effects produced under a 
system of abundant moisture might be different from those 
found here. A study of the use of spent hops under a system 
of abundant moisture remains to be made. 
This study of the use of spent hops has suggested 
many different problems which might be investigated. The use 
of spent hops as a topdressing or as an organic fertilizer is 
a possibility worthy of attention. 
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SUMMARY 
A survey was conducted to find out If spent hope 
could be used as a source of organic matter In the construction 
of turf areas. The effects of spent hops upon the soli was 
compared to the effects of cultivated peat and peat moss. 
The characteristics and compositions of the organic 
materials were investigated. Spent hops was found to contain 
greater amounts of nitrogen, phosphorus, and potash, while 
cultivated peat had greater amounts of calcium. The spent 
hops material had a low carbon-nitrogen ratio. 
A greenhouse study was conducted under a system of 
limited moisture. The data found indicated that spent hops 
had less effect upon the soil moisture relationships and 
upon the base exchange capacity than cultivated peat or peat 
moss when compared on a volume basis. The plots of spent 
hops had a greater growth of grass and the grass upon the 
hops plots showed less symptoms of nutrient deficiency. 
Indications were obtained which suggested a 
decomposition of the spent hops materials. 
A field experiment was conducted to determine the 
effect of the organic materials upon the loss of grass seed 
due to erosion. Only the plot containing hops B had a 




1. Alderfer, R. B., and E. tf, Merkel, The Comparative 
Effects of Surface Application vs. Incorporation 
of Various Mulching Materials on Structure, 
Permeability, Runoff, and Other Soil Properties, 
Proceedings of Soil Science Society of America. 
5:79-90, 1943. 
2. Anheuser, Eberhard, Spent Hops as a Fertilizer and 
Amendment for Heavy Soils, U, S. Coif Association 
laUAttBit 5:257, 1925. 
3. Berger, K. G., and Emil Truog, Boron Availability in 
Relation to Soil Reaction and Organic Matter 
Content, Proceedings of Soil Science Society of 
Amerloa. 10: 113-116, 1945. 
4, Bouyoucos, George J,, Effect of Organic Matter on the 
Water Holding Capacity and the Wilting Point of 
Mineral Soils, Soil Science. 47; 377-83, 1939. 
5. Browning, G. M., and F, M, Milan, A Comparison of the 
Brlggs-MoLane and Goldbeck-Jaokson Centrifuge 
Methods for Determining the Moisture Equivalent of 
Soils, Soil Solenoe. 51: 273-77, 1941. 
6. __ Effect of Different 
Types of Organlo Materials and Lime on Soil 
Aggregation, Soil Solenoe. 57: 91-106, 1944. 
7. Colic, T. 8., Effect of Incorporated Organic Matter on 
the Moisture Equivalent and Wilting Percentage 
Values of Soil, Proceedings of Soil Solenoe Society, 
of Amerloa. 3s 43, 1938. 
8. Dawson, Roy 0., Effect of Crop Residues on Soli and 
Moisture Conservation Under Maryland Conditions, 
Proceedings of Soil Science Soolety of America. 
10: 425-28, 1945. 
91 
9. DeFrance, J. A,, A Comparison of Grasses for Athletic 
Fields and the Effect on Turf of Peat Incorporated 
with Soil, Proceedings of American Society of 
Horticultural Selenoe. 19; 4'n-?8f 1941. 
10. Dyal, R. S., F. B. Smith, and R. V. Allison, The 
Decomposition of Organic Matter in Soils at 
Different Initial pH, Journal of the Aaerloan 
Society of Agronomy. 31: 841-50, 1939. 
11. Free, George R., John Lamb, and Everett A. Carleton, 
Compaotabllity of Certain Soil as Related to 
Organic Matter and Erosion, Journal of the 
American Society of Agronomy. 39: 1065-76." 1947. 
12. Isgur. Benjamin. An Introduction to Soil Science. 
Scientific Publishing Company, Boston, 
Massachusetts, 1938. 
13. Longley, L. E., Influence on Grass Growth of Various 
Properties of Peat in Lawn Soils, Proceedings of 
^merloan SocietyHorticultural SQlenoe.34: 
14, Luous, Robert E,, Reliability of Lime Requirement 
Calculations Based on the Copper Acetate Method 
for Exchange Capacity, Proceedings of the Soil 
Science Society of America.7: 362-67. 1942. 
15. Martin, J. P., The Effect of Composts and Compost 
Materials Upon the Aggregation of the Silt and 
Clay Particles of Collington Sandy Loam. 
Proceedings of Soil Solenoe Society of America. 
7: 218-22, 19^2. 
l6. Martin, James P., and Selman A. Waksman, Influence of 
Microorganisms on Soil Aggregation and Erosion, 
Soil Solenoe.. 52: 381-94, 1941. 
Martin, T. L*, and D, A, Anderson, Organic Matter 
Decomposition, Mold Flora, and Soil Aggregation 
Relationships, Prqo 
7* 21>17, 1962; 
■flILSaU, a .ff 
Mo Cal la, 1. M,, The Influence of Microorganisms and 
Some Organic Substances on Water Per eolation 
McCalla. T* M*f Influence of Microorganisms and Some 
59: 287-9? °i94511 9truoture» 3gU-=M<?fm. 
Meyers, H, E., Physicochemical Reactions Between 
Organic and Inorganic Soil Colloids as Related to 
Aggregate Formation, Soil Science. 44s 351-57, 1937. 
Montieth, John, Jr., Resort of Visit to Morris County 
Golf Assoc* Green section, dated July 20, 1940. 
Correspondence from U. s. Golf Assoc. Green Section, 
dated July 20, 1940, 
Norman, A# a., Problems in the Chemistry of Soil Organio 
tetter, 
America, 9* 7-15, 1944* 
Norman, A, G., and W, V, Bartholomew, The Chemistry of 
Soil Organic Matter* Distribution of Uronic Carbon 
in Some Soil P*ofilesf Soil Solencq. 56* 143*49, 1943 
Norman, A. G., and J* E, Moody, The Application of 
Delignifying Procedures to Soil Organic Matter, |pjE^..M 
Official and Tentative Methods of Analysis of the 
Association of Official Agricultural Chemists. 
6th Edition, Published by A.O.A.C., Washington, 
D, 0., 1945. 
-93 
26. Olmstead, L. B.t and W. 0. Smithy Water Relations of 
Soils, Soils and Menf Yearbook of Agriculture for 
193$f U* S, Department of Agriculture. 
27# Olson, L, C., and R. H. Bray, The Determination of the 
Organlo Base Exchange Capacity of Soils, 
Sol! Solenoe. 45: 483-96, 1938, 
28. Peeeh, Klohael, L. T., Alexander, L. A,, Sean, and 
J. Fielding Reed, Methods of Soil Analysis for 
Soil Fertility Investigations, Cir. 757, U. S, 
Dept, of Agriculture, April, 1947, 
29. Peele, T. 0., and 0. W, Beale, Microbial Aotivity and 
Soil Aggregate Formation During the Decomposition 
of Organic Matter, grqs.eed^ngs, qf 3q,U,SflLg&flft 
Society of America. 8; 254-57. 1943. 
30. Piland, J. R., and L. 0, Wmis, The Stimulation of 
Seedling Plants by Organlo Matter, Journal of the 
American Society, of Agronomy:. 29: 324-31, 1937. 
31, Piper, C. S., ?oU Jftaft.aaat Ja&Ujldat Interscience 
Publishers, Inc., New York, 1947. 
32. Prince, A* L., and S. J. Toth, Eleotrodialysls and 
Cation Exchange Studies on Soils of Varying Organic 
Matter Content, Science. 43; 205-17, 1943. 
33. Rubins, Edward J., and Firman E. Bear. Carbon-Nitrogen 
Ratios in Organic Fertilizer Materials in Relation 
to the Availability of Their Nitrogen, Soil Science. 
54: 411-23, 19^3* 
34. Sherman, M. S., Colorimetric Determination of Phosphorus 
in Soils, Anal. Ed. Ind. and Eng. Ohecu. 14:182, 19^2, 
35. Sieling, Dale H., Base Exchange Capacity Determination of 
Soils by Means of a Rapid Colorimetric Copper Method, 
Journal of American Society of Agronomy. 33: 24-36, 
W*l. 
36. Smith, F. B.f P. E. Brown, and H, 0. Millar. The Base 
Exchange Capacity of Decomposing Organic Matter, 
, of ^the,,„Amerjean .Societyof ,,Afgro^ogix, 28: 
1 * f, % 
37* Spauling, Major F., and Walter S* Eleenmenger, Factors 
Influencing the Hate of Decomposition of Different 
Types of Plant Tissue in Soil and The Effect of 
Products on Plant Growth, Soli Solenoe. 45: 
427-45, 1938. 
38. Spraguef H. B., and J. F. Marrero, The Effects of Various 
Sources of Organic Matter on the Properties of Solis 
as Determined by Physical Measurement and Plant 
Growth, Soil Science. 32: 35-47, 1931. 
39. Further Studies on the Values 
of Various tfypes of Organic Matter for Improving 
the Physical Condition of Soils for Plant Growth, 
Soil Solenoe. 34: 197-208, 1932. 
40. Stephenson, R. E.f Effect of Organic Materials and 
Fertilizer Treatments Upon Soluble Nutrients in 
Soil, Soil Solenoe,. 45: 46?-?5, 1938. 
41. Stone, J. T., and C, S. Garrison. Relationship Between 
Organic Matter Content and Moisture Constants in 
Soils, 3oll Solenoa. 5°: 253-56, 1940. 
42. Swenson, Richard M., G, Vernon Cole, and Dale H. Sleling, 
Fixation of Phosphate by Iron and Aluminum and 
Replacement by Organic and Inorganic Ions, 
Soil Solenoe. 6?: 3-22, 1949. 
43. Toth, S. J., A. L. Prlnoe, A. Wallace, and D. S. Mickelson 
Rapid Quantitative Determination of Eight Mineral 
Elements in Plant Tissue by a Systematic Procedure 
Involving the Use of & Flame Photometer, Soil Science, 
66: 459-66, 1948. 
95- 
44. Waksman, Selman A. , The Microbiologist Looks at Soil 
Organic Matter, Pro,oeedlngs_ of ,Soil_Scienoe 
.ftf iV^erj.o^, 7: 16-21, 1942. 
45# Waksman, Selman A., and H, W. Rueszer, On the Origin 
of the Uronio Acids in the Humus of Soils, Peat, 
and Composts, Soil Science. 33: 135-51# 1932. 
• • * « V 1 i «. 
46. Walden, Thomas A., and J. C. Hide, Some Chemical 
Properties of Soil Organic Matter and of 
Sesquioxldes Associated with Aggregation in 
Soils, 3p.U,maa^> 54: 343-51, 1942. 
47. Wlklander, Lambert, Studies on Ionic Exchange with 
Speoial Reference to the Condition in Soils, 
AtMaJLflLP/, 
voi« i4, 1946. 
c, 
ACKNOWLEDGMENTS 
Appreciation is expressed to 
Professor Lawrence 8* Dickinson under whose 
supervision this research was carried out, 
for his helpful suggestions and guidance* 
Appreciation is also ©pressed to 
Dr, Pale H# Siding, Head of the Department 
of Agronomy, to Professors William L* Doran, 
and Albert F, Spelman of the thesis committee 
and to all members of the Department of 
Agronomy who have given helpful suggestions 
during the course of this project* 
Appreciation is expressed to 
P* Ballantlne and Sons of Newark, New Jersey, 





Committee on Theale 
j 
Date: August 12. 1949. 

